Persisting effect of community approaches to resuscitation  by Nielsen, Anne Møller et al.
CP
A
L
a
b
a
A
R
R
A
K
O
B
A
R
E
C
1
d
C
r
d
e
c
O
c
p
m
e
r
i
h
0
lResuscitation 85 (2014) 1450–1454
Contents lists available at ScienceDirect
Resuscitation
j ourna l ho me  pa g e: www.elsev ier .com/ locate / resusc i ta t ion
linical  Paper
ersisting  effect  of  community  approaches  to  resuscitation
nne  Møller  Nielsena,∗,  Dan  Lou  Isbyea, Freddy  Knudsen  Lippertb,
ars  Simon  Rasmussena
Department of Anaesthesia, Centre of Head and Orthopaedics, Copenhagen University Hospital, Rigshospitalet, Blegdamsvej 9, 2100 Copenhagen, Denmark
Emergency Medical Services Copenhagen, Copenhagen University, Telegrafvej 5, 2750 Ballerup, Denmark
 r  t  i  c  l e  i  n  f  o
rticle history:
eceived 11 May  2014
eceived in revised form 30 July 2014
ccepted 23 August 2014
eywords:
HCA
LS
ED
esuscitation
ducation
ommunity engagement
a  b  s  t  r  a  c  t
Background:  On  the  Danish  island  of  Bornholm  an  intervention  was  carried  out during  2008–2010  aim-
ing  at  increasing  out-of-hospital  cardiac  arrest  (OHCA)  survival.  The  intervention  included  mass  media
focus  on resuscitation  and  widespread  educational  activities.  The  aim  of  this  study  was  to  compare
the  bystander  BLS  rate  and  survival  after OHCA  on  Bornholm  in a 3-year  follow-up  period  after  the
intervention  took place.
Methods:  Data  on OHCA  on Bornholm  were  collected  from  September  28th,  2010  to September  27th,  2013
and  compared  to data  from  the  intervention  period,  September  28th,  2008  to September  27th,  2010.
Results:  The  bystander  BLS  rate  for non-EMS  witnessed  OHCAs  with  presumed  cardiac  aetiology  was
signiﬁcantly  higher  in  the  follow-up  period  (70%  [95%  CI 61–77]  vs. 47% [95%  CI  37–57],  p = 0.001).  AEDs
were  deployed  in 22  (18%)  cases  in the follow-up  period  and  a shock  was  provided  in 13 cases.  There
was  no  signiﬁcant  change  in all-rhythm  30-day  survival  for  non-EMS  witnessed  OHCAs  with  presumed
cardiac  aetiology  (6.7%  [95%  CI  3–13]  in  the  follow-up  period;  vs. 4.6%  [95%  CI  1–12], p =  0.76).
Conclusion:  In a  3-year  follow-up  period  after  an intervention  engaging  laypersons  in  resuscitation
through  mass  education  in  BLS  combined  with  a media  focus  on  resuscitation,  we observed  a persis-
tent  signiﬁcant  increase  in  the  bystander  BLS  rate  for all OHCAs  with  presumed  cardiac  aetiology.  There
was  no  signiﬁcant  difference  in  30-day  survival.
rs.  Pu©  2014  The  Autho
. Introduction
The pathway for improving survival after out-of-hospital car-
iac arrest (OHCA) revolves around the factors summarized in the
hain of Survival.1 These include early recognition of the deterio-
ating patient, calling for help, provision of basic life support (BLS),
eﬁbrillation and effective post-resuscitation care. The quality of
ach link in the chain varies between communities and this may
ontribute to the large variability in survival rates worldwide.2
ther key contributors determining survival after OHCA are con-
eptualized in the Formula for Survival, where survival is the
roduct of science, education and implementation.3
Regarding resuscitation science, the International Liaison Com-
ittee on Resuscitation facilitates regular systematic reviews, and
very ﬁve years consensus on science statements and treatment
ecommendations is published. Given the nature of cardiac arrest,
 A Spanish translated version of the abstract of this article appears as Appendix
n  the ﬁnal online version at http://dx.doi.org/10.1016/j.resuscitation.2014.08.019.
∗ Corresponding author.
E-mail address: mnielsen.anne@gmail.com (A.M. Nielsen).
ttp://dx.doi.org/10.1016/j.resuscitation.2014.08.019
300-9572/© 2014 The Authors. Published by Elsevier Ireland Ltd. This is an open
icenses/by-nc-nd/3.0/).blished  by Elsevier  Ireland  Ltd.  This  is an  open  access  article  under  the CC
BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/3.0/).
these recommendations are not all based on randomized controlled
trials, nevertheless they represent expert consensus based on the
best available science. Therefore, a comprehensible way to increase
survival after OHCA is to focus on education and implementa-
tion.
Realizing that in one particular community in Denmark survival
after OHCA was dismal; we tried to change this through a combina-
tion of initiatives concerning education and implementation. The
intervention was  carried out in 2008–2010 on the Danish island
of Bornholm and included mass media focus on resuscitation and
widespread educational activities. The bystander basic life support
(BLS) rate for the witnessed OHCAs increased from 22% (2004) to
74% [95% CI 58–86] in 2008–2010 and the all-rhythm 30-day sur-
vival for OHCAs with a presumed cardiac aetiology increased from
0% (2001–2003) to 4.6% [95% CI 1–12] in 2008–2010.4
In 2010 the project came to an end and the investigators no
longer scrutinized the interventions and measured the outcomes.
Therefore an interesting question to ask is whether the observed
improvements were a manifestation of a culture shifting and more
permanent behavioural changes or a mere temporal tendency. The
answer to this question is relevant for other communities with
similar interventions in the pipeline.
 access article under the CC BY-NC-ND license (http://creativecommons.org/
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Populaon served by EMS
N=41,000
Cardiac arrests (resuscitaon 
aempted)
N=155
Study populaon
N=124
Non-cardiac eology 
N=19, 12.3%
EMS-witnessed
N=12, 8.8%
Fig. 1. Out-of-hospital cardiac arrests (resuscitation attempted) on the Danish
island of Bornholm from September 28th, 2010 to September 27th, 2013. Non-A.M. Nielsen et al. / Resus
The purpose of this observational study was to compare the
ystander BLS rate and survival after OHCA of a presumed car-
iac aetiology on Bornholm in a 3 years follow-up period after
he intervention took place (2008–2010). In addition, we  compared
ystander BLS rate and survival on Bornholm with the most recent
ata (2010 and 2011) at the national level.
We hypothesized bystander BLS rate after OHCA on Bornholm
ould be lower in the follow-up period than during the interven-
ion period.
. Methods
.1. Study design, setting and population
We  collected data covering a follow-up period from September
8th, 2010 to September 27th, 2013. The Danish island of Bornholm
overs 588 km2 with a population of 41,000, and about 600,000
ourists visiting per year. The intervention took place September
8th, 2008 to September 27th, 2010.
.2. Healthcare system
The emergency dispatch centre (EMD) was police-operated until
ay  2nd, 2011 when healthcare professionals took over. They were
rained to provide BLS instructions and had a strict protocol to
ollow. Through an IT-solution bystanders could be referred to the
earest automated external deﬁbrillator (AED).
On the island, there is one hospital with the ability to transfer
atients requiring more advanced treatment to a university hospi-
al in Copenhagen, the capital of Denmark.
The Emergency Medical Services (EMS) response to presumed
HCA is an ambulance equipped with an AED and at least one
aramedic trained to use epinephrine, amiodarone and a mechanic
hest compression device (AutoPulse®). From May  1st, 2013 an
naesthesia nurse trained in airway management has been dis-
atched to all life-threatening conditions in addition.
.3. Previous intervention
In the intervention period a multi-faceted intervention took
lace on the island as previously described.4 In brief, 22% of the pop-
lation completed 24-min DVD-based-self-instruction BLS courses
MiniAnne, Laerdal, Norway), 6% completed 4-h BLS/AED courses
nd the local television station had approximately 50 broadcasts
bout resuscitation. The number of AEDs registered on a public
ccessible webpage increased from 3 to 147. Staff at the hospital
nd EMS  was trained in resuscitation.
.4. Deﬁnitions
We  included all OHCA where the EMS  was activated and either
hest compressions or deﬁbrillation were provided. Based upon
he Utstein criteria, the arrest was presumed cardiac in origin if
t was not caused by trauma, submersion, drug overdose, asphyxia,
xsanguination or other obvious non-cardiac causes.5 The ﬁrst
uthor made the classiﬁcation after reviewing the EMS  and hospital
ecords with diagnosis codes for each patient.
.5. Data collection
EMS  collected data prospectively with a short case report form
ncluding Utstein resuscitation core data.5 Also the EMS case
ecords were reviewed. All cases of OHCA on the island were
ncluded as EMS resuscitative efforts are initiated in all patients,
xcept those with evident signs of death (e.g. decapitation, putre-
action).cardiac aetiologies are distributed as follows: trauma (N = 2), submersion (N = 5),
asphyxia (N = 7), exsanguination (N = 3), drug overdose (N = 2). EMS: Emergency
Medical Services.
Using the unique personal identiﬁcation number that all Danish
citizens are assigned, data were matched with a patient adminis-
trative system to assess 30-day mortality.
2.6. Ethics
Approval from the Ethics Committee was not required according
to Danish law, and the processing of personal data was approved by
The Danish Data Protection Agency (J.nr. 30-1060, I suite nr.02360)
and The National Board of Health (J.nr. 3-3013-369/1).
2.7. Statistical analysis
Continuous data are reported as median with [25–75 range].
Categorical data are reported as absolute number with (proportion)
and [95% CI]. Proportions were compared using Fisher’s exact test.
p-values less than 0.05 were considered statistically signif-
icant. We  were concerned that the bystander BLS rate would
decrease from the 47% (OHCA, cardiac aetiology, all witnessed sta-
tus) observed during the intervention period to the lower and more
commonly reported rate of 30%. This decrease could be detected
with a power of 80% at the 5% signiﬁcance level if 240 OHCAs were
included.
The SAS System version 9.1.3 v2 (SAS Institute Inc., Cary, USA)
was used for statistical analysis.
3. Results
During the 3-year follow-up period, there were 155 OHCAs at
Bornholm and 136 with a presumed cardiac aetiology, of these;
12 (8.8%) were witnessed by the EMS  (Fig. 1). Table 1 depicts
demographics. The incidence of EMS-treated all-rhythm OHCA
with a presumed cardiac aetiology was  110 per 100,000 person-
years and 101 per 100,000 person-years when EMS  witnessed
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Table 1
Demographics of non-EMS witnessed out-of-hospital cardiac arrest patients with a presumed cardiac aetiology on the Danish island of Bornholm from September 28th 2010
to  September 27th 2013 (follow-up period) and from September 28th, 2008 to September 27th, 2010 (intervention period). Numbers are shown as N (%), [95% CI]. EMS:
Emergency Medical Services, VF: ventricular ﬁbrillation, VT: ventricular tachycardia, PEA: pulseless electrical activity, AS: asystole.
All
Follow-up
period
(N = 124)
All
Intervention
period (N = 90)
Bystander
witnessed
Follow-up
period (N = 49)
Bystander
witnessed
Intervention
period (N = 35)
Age, median,
years
72 [62–84] 71 [57–80] 73 [66–78] 66 [55–75]
Male  sex 81 (65) 59 [66] 32 (65) 22 (63)
Location of arrest
Home/residential
92 (74) 62 (69) 33 (67) 16 (46)
Public 32 (26) 28 (31) 16 (33) 19 (54)
Bystander
witnessed
49 (40) 35 (39) – –
6) 17 (35) 17 (49)
4) 32 (65) 18 (51)
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Table 3
Outcome of out-of-hospital, non-EMS witnessed cardiac arrest patients with a pre-
sumed cardiac aetiology on the Danish island of Bornholm from September 28th,
2010 to September 27th, 2013 (follow-up period) and from September 28th, 2008
to  September 27th, 2010 (intervention period). Numbers are shown as N (%), [95%
CI].  BLS: basic life support, EMS: Emergency Medical Service, ROSC: return of spon-
taneous circulation, VF: ventricular ﬁbrillation, VT: ventricular tachycardia, PEA:
pulseless electrical activity, AS: asystole.
Bystander
witnessed
Follow-up period
(N = 49)
Bystander
witnessed
Intervention period
(N = 35)
p values
Bystander BLS 38 (78) [64–87] 26 (74) [58–86] 0.80
AED use 11 (22) 6 (17) 0.59
ROSC 21 (43) 7 (20) 0.04
30-day survival
All rhythms 7 (14.6) [7–27] 3 (8.8) [2–24] 0.51
VF/VT 2 (12.5) [2–37] 2 (11.8) [2–36] 1.0First  monitored rhythm
VF/VT 21 (17) 23 (2
PEA/AS 103 (83) 67 (7
ases are excluded. Of the latter group (N = 124) with known home
ddress (N = 121), 5 were non-residents of Bornholm.
Age, sex, location of arrest, and ﬁrst monitored rhythm were
imilar in the two time periods (Table 1).
The bystander BLS rate for non-EMS witnessed OHCAs with a
resumed cardiac aetiology (N = 124) was signiﬁcantly higher in
he follow-up period (70% [95% CI 61–77] vs. 47% [95% CI 37–57],
 = 0.001, Table 2).
The bystander BLS rate for the bystander witnessed OHCA did
ot change signiﬁcantly (p = 0.80) (Table 3). The 2010 nationwide
ate of bystander BLS was  44.9% [95% CI 43–47]; not signiﬁcantly
ifferent from bystander BLS rate on Bornholm in 2010 (p = 0.22).
n 2011, the nationwide rate of bystander BLS was 57.9% [95% CI
6–60]; not signiﬁcantly different from bystander BLS rate on Born-
olm in 2011 (p = 0.74).6
AEDs were deployed in 22 (18%) cases of OHCA in the follow-
p period and a shock was provided in 13 cases. The EMD  guided
ystanders to the AED in 6 (27%) of cases (Table 4).
There was no signiﬁcant change in all-rhythm 30-day survival
or non-EMS witnessed OHCAs with a presumed cardiac aetiology
6.7% [95% CI 3–13]; vs. 4.6% [95% CI 1–12], p = 0.76) Table 2).4
The bystander BLS rate and survival per year are depicted in
able 5.. Discussion
We  found that – in contrast to our expectation – the bystander
LS rate increased signiﬁcantly for all OHCAs with presumed
able 2
utcome of out-of-hospital, non-EMS witnessed cardiac arrest patients with a pre-
umed cardiac aetiology on the Danish island of Bornholm from September 28th,
010 to September 27th, 2013 (follow-up period) and from September 28th, 2008
o  September 27th, 2010 (intervention period). Numbers are shown as N (%), [95%
I].  BLS: basic life support, EMS: Emergency Medical Service, ROSC: return of spon-
aneous circulation, VF: ventricular ﬁbrillation, VT: ventricular tachycardia, PEA:
ulseless electrical activity, AS: asystole.
All
Follow-up period
(N = 124)
All
Intervention period
(N = 90)
p values
Bystander BLS 86 (70) [61–77] 47 [37–57] 0.001
AED use 22 (18) 9 (10) 0.17
ROSC 28 (23) 17 (19) 0.61
30-day survival
All rhythms 8 (6.7) [3–13] 4 (4.6) [1–12] 0.76
VF/VT 3 (15) [4–37] 3 (13) [7–33] 1.0
PEA/AS 5 (5) [2–11] 1 (1)
[<0.0001–0.09]
0.40PEA/AS 5 (15.6) [6–32] 1 (5.9)
[<0.0001–29]
0.65
cardiac aetiology, in the 3-year follow-up period after a multi-
faceted intervention engaging laypersons in resuscitation.4 There
was no signiﬁcant change in survival rate. The strength of the study
is that it is performed in a well-deﬁned geographical area and with
almost – if not – complete data on EMS  attended OHCAs. The same
medical doctor analysed the data, leaving out a possible
inter-observer variability.
The study shares limitations with similar reports: the observa-
tional nature impedes linking cause to effect. Thus it is unknown if
Table 4
Outcome of out-of-hospital, non-EMS witnessed cardiac arrest patients with a pre-
sumed cardiac aetiology on the Danish island of Bornholm from September 28th,
2010 to September 27th, 2013 (follow-up period) and from September 28th, 2008
to  September 27th, 2010 (intervention period). Numbers are shown as N (%), [95%
CI].  BLS: basic life support, EMS: Emergency Medical Service, ROSC: return of spon-
taneous circulation, VF: ventricular ﬁbrillation, VT: ventricular tachycardia, PEA:
pulseless electrical activity, AS: asystole.
Bystander
witnessed, VF/VT
Follow-up period
(N = 17)
Bystander
witnessed, VF/VT
Intervention period
(N = 17)
p values
Bystander BLS 13 (76) [52–91] 14 (82) [58–95] 1.0
AED use 4 (24) 5 (29) 1.0
ROSC 7 (41) 5 (29) 0.72
30-day survival
All rhythms – –
VF/VT 2 (12.5) [2–37] 2 (11.8) [2–36] 1.0
PEA/AS – –
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Table  5
Out-of-hospital cardiac arrests (OHCA) with a presumed cardiac aetiology on the Danish island of Bornholm from September 28th, 2008 to September 27th, 2013, non-EMS
witnessed. Numbers are shown as N (%) [95% CI].
2008 2009 2010 2011 2012 2013
No. CA 13 39 44 38 44 36
Bystander BLS 6 (46) 15 (39) 23 (52) 21 (55) 33 (75) 30 (83)
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P[23–71] [25–54]
AED  use by bystanders 1 (7.6) 4 (10.5) 
AED  shock provided by bystanders 1 (7.6) 1 (2.6) 
he increased bystander BLS rate was due to the high educational
ate among the citizens or i.e. the raised public awareness due to
edia campaigns. Comparing the results from Bornholm with a
imilar society in Denmark, where no intervention had taken place,
ould have strengthen the design and increased the conﬁdence in
hat the observed improvements on Bornholm was indeed due to
he intervention. Another limitation is the lack of knowledge about
he bystanders, i.e. if they were tourists, if they had participated in
ourses and also which quality of BLS that was provided. The tourist
opulation is not included in the denominator in the calculation of
ncidence rates. Also the EMS  response time is unknown.
It is tempting to attribute the increase in bystander BLS rate
o a lasting effect of the intervention on Bornholm, even more
mpressive as Bornholm is rural with many arrests being unwit-
essed and thus traditionally a lower rate of bystander BLS.7
owever, data from an unpublished report show a considerable
ationwide increase in bystander BLS from 2010 to 2011, from
4.9% to 57.9%.6 Although unknown, this could be explained by
he introduction of health care professionals at the EMD  cen-
res at May  2nd, 2011 and the concomitant implementation
f dispatcher-assisted CPR instructions. From other studies it is
nown that dispatcher-assisted CPR instructions can lead to signif-
cant increases in bystander CPR.8–11 However, other factors than
ew personnel working with a new system could contribute to this
arked increase.
The bystander BLS rate increased on Bornholm year by year
Table 5). No nationwide numbers are available for 2012–2013
nd the extent of dispatcher-assisted CPR instructions pro-
ided in our study is unknown. However, only in 27% of the
ases where an AED was used did the dispatch centre guide
ystanders.
Worth noting is that there is no signiﬁcant difference on
ystander BLS rates between Bornholm and nationwide (including
ornholm) in 2011 (p = 0.74), which could reﬂect a positive long-
erm effect of the intervention on rural Bornholm, where different
revalent factors indicate an expected lower bystander BLS rate.
hus many arrests are unwitnessed12 and the average income on
ornholm only accounts to 87% of the nationwide number; fac-
ors known to be associated with lower rates of bystander BLS. The
ean age is also higher; 45.9 years on Bornholm, compared to 40.6
ationwide.13,14
Although untrained laypersons receiving dispatcher instruc-
ions may  provide CPR at a level comparable to previously trained
ersons,15 the high number of trained laypersons on Bornholm may
esults in a higher applicability of dispatch instructions. Thus, as
any as 80% of untrained bystanders fails to recognize signs of
A16 and untrained individuals may  be reluctant to initiate BLS.17
raining can improve the conﬁdence in performing BLS and thus
he probability that a bystander will engage in BLS.18 After the
ntervention on Bornholm, there was a signiﬁcant increase in the
roportion who felt conﬁdent at providing chest compressions and
outh-to-mouth ventilations.19In 18% of cases, bystanders had deployed an AED before the
rrival of EMS  and in 10% a shock was delivered. This is higher than
eported nationally (2.5% in 2011) and internationally (2.1%).6,20
erhaps this indicates a long-lasting effect of the intervention on[38–66] [40–70] [60–86] [68–92]
4 (9.1) 5 (13.2) 7 (16.3) 10 (27.8)
1 (2.3) 5 (13.2) 4 (9.3) 4 (11.1)
Bornholm, where the AED density was high and the proportion who
would deﬁnitely use an AED increased signiﬁcantly.19
ROSC was signiﬁcantly higher in the follow-up period in the
bystander witnessed group, probably because 9 patients received
shock with an AED.
Despite impressive engagement of bystanders, with 70% of all
OHCA victims receiving BLS before the arrival of the EMS  and AED
deployment in 18% of cases, the ROSC rate (23%) and survival (6.7%)
did not increase substantially. This could reﬂect a type 2 error or the
unfavourable socioeconomic circumstances present on Bornholm,
described in our previously publication.4,12,13 In brief, the citizens
of Bornholm had a signiﬁcantly higher prevalence of risk factors for
cardiac disease (i.e. obesity, hypertension, diabetes mellitus, previ-
ous myocardial infarction, smoking, higher age) than compared to
the 1.7 million inhabitants in the remaining part of the region. Also,
the inclusion in our study is more liberal than in many other studies
within its ﬁeld, thereby including patients with limited chance of
survival. This could in part explain the incidence of 101 per 100,000
person-years, which is much higher than reported in other stud-
ies, including the nationwide Danish study with a corresponding
incidence of 37.5 per 100,000 person-years.21 On Bornholm, EMS
resuscitative efforts are initiated in all patients, except those with
evident signs of death (e.g. decapitation, putrefaction). On  several
EMS  case records it was  stated that the patient had i.e. rigor mortis
or livor mortis, but due to the beforehand-decided deﬁnitions these
cases were included in the study. The age of the study population
is higher than reported internationally,22 probably because of the
higher mean age on Bornholm, but this could also be due to the
inclusion criteria in the study. The ambulance personnel are not
allowed to declare death, and resuscitative efforts will therefore be
done in some cases that would not be included in other settings
because they were found lifeless. Twenty-ﬁve per cent of OHCA
victims were older than 84 years, and one could question if these
should in fact be considered as having cardiac arrest. As a part of the
intervention, the importance of registration of all OHCAs was rein-
forced for the EMS  personnel and the EMS  archive was crosschecked
to ensure completeness of data. This could render our incidence
higher than in other studies as we  believe we avoided underreport-
ing. Also, in our study none were excluded due to missing data on
the EMS  case records; the corresponding number in the nationwide
study was  10%.21
In the nationwide Danish study with a 10.8% [95% CI 9.4–12.2]
30-day survival in 2010, 25% were excluded due to a non-cardiac
cause of arrest; the equal number in our study was  12%.21 In the US,
an estimated 600,000 suffer OHCA annually, but the EMS  declares
240,000 dead on arrival. The approximate survival to hospital dis-
charge is 9.5% for the “EMS-treated” group; however, including all
OHCA victims – as in our study – would yield a survival of 5.7%.23
Thus, survival varies with deﬁnitions.
5. ConclusionIn a 3-years follow-up period after an intervention engaging
laypersons in resuscitation through mass education in BLS com-
bined with a media focus on resuscitation, we observed a persistent
signiﬁcant increase in the bystander BLS rate for all OHCAs with
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resumed cardiac aetiology. There was no signiﬁcant difference in
he 30-day survival.
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